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ABSTRACT 


Jen-Leih Wu (1976). A New Maturation-Defective Mutant In Bacteriophage T4. Bull. 
Inst. Zool., Academia Sinica 15(2): 65-72. A new temperature-sensitive mutant of 
bacteriophage T4 which is located between gene 33 and 34 has been isolated. Based 
on the phenotypes of DNA synthesis, serum-blocking power, temperature shift-up 
experiment, RNA-DNA hybridization competition and complementation test, 13333 
was thought to bea mutant of third maturation-defective gene of bacteriophage T4. 


Bacisioeiaes T4 expresses its gene func- 
tions intracellularly in a well-controlled sequence 
after infection®>”). 
after infection, most of the T4-specific proteins 
synthesized are those needed for phage DNA 
metabolism®>®. After T4 DNA replication has 
been initiated, the synthesis of most of the early 
proteins is gradually shut off and the late pro- 
teins involved in phage morphogenesis, matura- 
tion and cell lysis are synthesized“. Pre-replica- 
tive and post-replicative mRNAs are classified as 
early and late mRNAs based on the time of 
their appearance®>), T4 early mRNA is trans- 
cribed from the l-strand DNA while the late 
mRNA is transcribed from the r-strand DNA. 
The early cistrons are interspersed along the 
segment of the genome while late mRNAs are 
transcribed predominantly from a_ separate 
segment, 

In general, late gene expression depends on 
viral DNA replication®®»® and the two regulatory 
polypeptides of genes 55 and 33.0%! The host 


In the stage immediately - 
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RNA polymerase must be modified for the switch 
from early to late gene transcription. Modifica- 
tion of this enzyme requires addition of three 
T4-induced polypeptides!) and T4-induced 
sigma factors“), covalent addition of ADP to 
a-subunit?®, phosphorylation of a@-subunit®!”), 
and a structural change in f/-subunit?®. The 
maturation-defective mutant, lacking the function 
of gene 55 or gene 33, synthesizes DNA, early 
mRNA but not latemRNA. It has been proved 
that block in late protein synthesis was cor- 
related with block in transcription of late 
mRNA®G:!®, Except genes 55 and 33 poly- 
peptide, there is a third polypeptide associated 
with host RNA polymerase®!°>!), Thus the iso- 
lation of third maturation-defective gene of 
bacteriophage T4 was presented in this paper. 
Based on the complementation test, DNA syn- 
thesis, serum-blocking power, temperature shift- 
up experiment, RNA-DNA hybridization com- 
petition and genetic mapping, ts333 is thought 
to be a-third maturation-defective gene of bac- 
teriophage T4. 
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MATERIALS AND METHODS 


(A) Bacteria and bacteriophages 

Escherichia coli K strain CR63 was used as 
a permissive host for preparing stocks of T4 
amber mutants. E. coli B strain Tr201, a low 
thymine-requiring mutant obtained from G. R. 
Greenberg, was used as a nonpermissive host 
for amber mutants (B. Dale, Ph. D. Thesis, Univ. 
of Michigan, Ann Arbor, 1968). E. coli BB and 


E. coli BO21 were also used as nonpermissive - 


hosts. T4D was used as wild type bacteriophage. 
T4 mutants used were amN134 (gene 33), 
amBL292 (gene 55), amC5 (gene 59), amN58 (gene 
34), amA453 (gene 32) and ts P7 (gene 32) were 
used in various experiments. 
(B) Media 

There are several kinds of media used in 
experiments for different purposes: 

(i) 1xCT- and 1xCT* median 

1x CT- medium contained 0.2% glucose and 
0.1% casein hydrolysate in lx salt solution, 
which was prepared by 50 fold dilution of 50x 
salt solution. 50x salt solution contained 10g 
of MgSO,-7H,O, 100 g of citric acid-H,O, 500 g 
of K,HPO, and 175 g of NaNH,HPO,-4H,0 in 
670 ml of H,O. 1xCT- medium containing 
5ug/ml of thymine was named as 1xCTt 
medium. These media were used for growing 
E. coli B Tr201 and also used for radioactive 
thymine-labeling experiment. 
Gi) M9 medium 


M9 medium contained 7.0 g of Na,HPO,» 


2H,0, 3.0g of KH,PO,, 0.5g of NaCl, 1.0g of 
NH,Cl, 10-?M MgSO,, 10-*M CaCl, and 4.0 
of glucose in 1 liter of H,O. 7 
(iii) 3x D. medium: 

The enriched medium was used for preparing 
phage lysates and for growing bacteria for phage 
plating. 3xD medium was prepared by mixing 
sterilized solution A (containing 9g of KH,PO,, 
21 g of Na,HPO,, 30g of casein hydrolysate, 
26g of glycerol and 60 mg of gelatin in 1,900ml 
of H,O) and sterilized solution B (containing 
0.6 g of MgSO,-7H,O and 0.6ml of 1M CaCl, 
in 100 ml of H,O). 


(C) Phage crosses 

The procedure used for phage crosses was 
described by Tessman with some modification’. 
E. coli was grown to 5x10 cells/ml in 3xD 
medium and infected with an equal volume of 
phage mixture (T4D + ts-mutant) in the presence 
of D, L-tryptophan (20 ug/ml). The multiplicity 
of infection (MOI) was four for T4D and one 
for ts-mutant. The infected bacteria were aerated 
at 25° for 6min and diluted with 3x D medium 
by 10+ fold. 5 ml of the diluted infected-bacteria 
were aerated at 25° for 130 min, then lysed with 


-afew drops of chloroform. 


(D) Measurement of kinetics of DNA synthesis 

An overnight culture of E. coli B Tr201 
was diluted 50-fold with 1x CT* medium and 
grown to a concentration. of 5x 10° cells/ml. 
These cells were centrifuged and the cell 
pellet was resuspended to a concentration of 
1x 10° cells/ml in 1xCT- medium containing 


40 ug/ml of D, L-tryptophan. An equal volume 


of phage suspension was added at a multiplicity 
of 5 phage particles per bacterium. Three min 
after infection, [4C] thymine (1 « Ci/ml, 
42 mCi/mmol) was added. The radioactivity in 
acid-insoluble fractions was determined by pipett- 
ing 0.1 ml of a sample onto a 25-mm disk of. 
Whatman No. 3 filter paper. 
(E) Temperature shift-up 

E. coli BB was grown in 3xD medium ‘to 


5x 108 cells/ml, then centrifuged and resuspended 


in 1x medium. The bacteria (2x 10° cells/ml) 
were infected with ts-mutant at an MOI of 0.5 
in the presence of tryptophan. Phage adsorp- 
tion took place at 25° for 6 min. Anti-T4 serum 
was added for another 4min. Growth was in- 
itiated by diluting the infected bacteria 100 fold 
into 3x D medium and this was regarded as the 
zero time. Shift-up from 25° to 42° was per- 
formed at different time after infection. phage 
yield was measured at 90 min after the time of 
shifting. 
(F) 14C-Amino acid incorporation 

E. coli. B was grown in M9 medium at 37° 
and infected with phages at 41.5° At various 
time after infection, the culture was pulse-labeled 
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with L-[C] amino acids (0.25 wCi/50ug/ml) 
for 4 min. The radioactivity in acid-insoluble 
fraction was determined. 
(G) Serum-blocking power of bacteriophage T4 

E. coli. BB was grown in 3x D medium to 
5x 10° cells/ml, then infected by T4 at 42° with 
an MOI of 0.5. At different time after infec- 
tion, chloramphenicol was added (50 ug/ml), then 
the cells were lysed by adding chloroform. 0.6ml 
of phage-infected cell lysate and 0.2 ml of T4D 
(5x 10" phage particles/ml) were mixed and in- 
cubated at 37°. 0.2ml of anti-T4 serum was 
added (k=1.6) and mixed well. Ten min later, 
0.1 ml of phage-serum mixture were diluted to 
10 ml. The survival phage particles were count- 
ed by plating on agar plate. 
(H) RNA-DNA hybridization competition 

The method of preparing phage DNA and 
RNA was described by Bolle et al.©. For RNA- 
DNA hybridization competition, 1 ug/ml of (°H) 
RNA, 20 ug/ml of denatured T4D DNA and va- 
rying amount of unlabelled RNA (0-1,000 g/ml) 
were annealed at 66° in 0.3M NaCl, 0.03M 
sodium citrate in small stoppered tubes (0.4 ml 
in total) for 6 hours. Samples were then trans- 
ferred to approximately 15ml of 05M KCI, 
0.01 M Tris-HCl (pH 7.3) and filtered through 
nitrocellulose filter, washed with 80 ml of addi- 
tional solvent, followed by 5 ml of 80% ethanol, 
dried and counted. 


RESULTS 


(A) Isolation of ts-revertant 

T4 ts-revertant which is temperature-sensitive 
was isolated from amN134 (gene 33) when plated 
on EÈ. coli. BB. T4 ts333 was 
crossed with wild-type T4D three times for the 


purification of this mutant. In the preliminary — 


spot test, 15333 could complement with amN134 
or amBL292 (gene 55). (Table I). This means 
that ts333 carries different mutational locus from 
gene 33 or gene 55. The stronger evidence was 
carried out by the determination of burst size 
(Table II). When ts333 and amN134 or amBL292 
were infected together and let the phage produce 
under non-permissive condition (E. coli. BB, 


isolated. and 


TABLE I 
Complementation test of ts333 
t8333 amN134 amBL292 
t8333 = + | + 
amNi34 > +o — | + 
amBL292 | + + — 


Note: (i) Host: E. coli BB; 
(ii) Temperature: 41°; 
(iii) +: Complementation; 
(iv) ~: No complementation 


TABLE H . 
Burst size of complementation test 


Titer 


Phage - (PFU/ml)* Burst size* 

amN 134 2.83 x 10° 11.3 
amBL292 2.35 x 10° 9.4 
t5333 1.85109 7.4 
18333 -+amN 134 105 x 10° 420 
15333 +-amBL292 107 x 109 428 

* PFU: plaque forming unit 

. titer 
** Burst size= ys Z10857 
42°), the burst size were over 400. However, 


when 15333, amN134 or amBL292 were infected 
alone, the burst size was very low. T4 ts333 
and amN134 or amBL292 could compensate each 
other for their own defective functions. Thus, 
ts333 has a mutational site which is different 
from gene 33 or gene 55. 
(B) Temperature sensitivity 

T4 ts333 is a temperature-sensitive mutant 
as shown in Table III. This mutant had an PFU 


TABLE III 
Temperature sensitivity of ts333 


Titer (PFU/m)) 
25° | 41° 
15333 | 5.0x 109 | 0x 108 
amN134 6.6x10° | 6.5108 
amBL292 6.0x100 | 6.0x109 


68 EL. WU 


of 5x 10°/ml at 25°, but no plague formed at 
41°. Either amN134 or amBL292 was not tem- 
perature-sensitive. 
(C) DNA synthesis 

The kinetics of DNA synthesis in T4-in- 
fected E. coli was studied at 25° and 41.5°. [C] 
thymine incorporation into TCA (trichloroacetic 
acid)-insoluble fraction of T4-infected cells was 
used as an index of DNA synthesis. T4 ts333 
‘DNA synthesis was initiated at 4 min after in- 
fection at 41.5° (Fig. 1) and initiated at 10 min 
after infection at 25° (Fig. 2). T4 ts333 has the 
same type of DNA synthesis as maturation- 
defective mutants, amN134 and amBL292. All 
of these mutants have phenotype of continuous 
DNA synthesis. This indicates that ts333 may 
be defective in either DNA-maturation or late 
gene expression, but not directly involved in 
either DNA synthesis or synthesis of precursors. 


INCORPORATION OF SH-THYMINE 
(CPM «10°75 x10” CELLS) 


10 20 30 40 
-TIME AFTER INFECTION (MIN) . 


Fig. 1. DNA synthesis of T4D, t8333, amN134 
` infected E. coli at 41.5°. 
@—@, T4D; A—A, amBL292; 
O—O, 18333; V—V, amN134. 


(D) Effect of temperature shift-up 
In order to know when ts 333 starts to ex- 


90min of further incubation. 


40 


w 
O 


N 
© 


INCORPORATION OF 34-THYMINE 
(CPMx102/5x10" CELLS) 
Ə 


10 2 3 40 5%- 
TIME AFTER INFECTION (MIN) 


Fig. 2. DNA synthesis of T4D, ts333, amBL292 
and amN134 infected E. coli at 25°. 

- @—@, TAD; A—A, amBL292; O—O, 
t8333; V—VI amN134. 


press its gene function, the temperature shift-up 
experiment was performed. E. coli B cell cul- 
tures. were infected with ts333 under permissive 
temperature (25°), then shift. to nonpermissive 
temperature (42°) at different time after infection 
and the phage yields were determined after 
As shown in 
Fig. 3, 15333 could not produce significant phage 
yield before 15 min after infection, but increased 
steadily after this time. This means. that gene 
function of #s333 starts to express after 15min 
of infection. The T4 gene 32 mutant, tsP7,. 
belongs to an early gene function and started to. 
increase its phage yield after 15 min of infection. 
at 25° (Fig. 4). This result indicates that. 1s333 
belongs to an early gene. . 
(Œ) Pattern of amino acids incorporation . 

_ The rate of protein synthesis during the de- 
velopment of bacteriophage T4 was studied by . 
the incorporation of L-[**C] amino acids mix- 
ture. After phage infection at an M. O. I. of 5 
to E. coli B021, the phage-induced proteins were © 
labeled with [14C] amino acids for 4min at 
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100 


30 


10 


PHAGE YIELD 


0. 26 30 40 
TIME OF SHIFT-UP (MIN) 


Fig. 3. Temperature shift-up experiment of 
ts333. 


100 


30 


10 


PHAGE YIELD 


0.3 


0.1 


10 20 30 40 
TIME OF SHIFT-UP (MIN) 


Fig. 4. Temperature shift-up experiment of- 
tsp7. 


different time after infection at 41.5°. As shown 
in Fig. 5, the incorporation of wild type T4D 
increased immediately after infection and reached 


INCORPORATION. OF “c-L-AMINO ACIDS 
(CPM x10 25x10 CELLS) 


10 20. 30 40 
TIME AFTER INFECTION (MIN) 


Fig. 5. Amino acid incorporation into T4- 
infected E. coli. 
O—O, T4D; A—A, 15333; @—®@, 
amN 134. 


a maximum between 12 to 16min, then de- 
creased. . T4 amN134 (gene 33) showed a fastest ~ 
synthesis rate in the early stage (3 to 7 min), 
then decreased drastically. In the case of ts333- 
infected cells, the [1C] amino acid incorpora- 
tion rate increased after infection and reached 
a plateau after 12min of infection. This means 
that ts333 is defective in the synthesis of some 
late RNA, thus the protein synthesis in late stage 
is affected. 


(F) Serum blocking power 

Antibodies against viruses have a general 
property of reacting with the viruses to form a 
non-infectious antibody-virus complex. This pro- 
perty can be used as a measurement of phage 
structural proteins formation. T4D or ts333 in- 
fected E. coli B at 42° and its lysate was added 
to a known amount of T4D phage suspen- 
sion. for the test of serum-blocking power 
competiton. After 40 min of ts333 infection at 
42°, there was no competition with. T4 phage 
particles (Fig. 6). Apparently, ts333 can not 
synthesize structural proteins for its maturation 
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LOG (PHAGE TITER) 


10 20 3 >= 40 
TIME AFTER INFECTION (MIN) 
Fig. 6. Serum-blocking power of T4D and 
18333 infected Œ. coli. 
O-O, T4D; A—A, 15333. 


at non-permissive temperature. 
hand, there is structural proteins synthesis in 
T4D infected cells, as shown by the increase of 
phage titer in the antibody reaction (Fig. 6). 
(G) Competition of RNA-DNA hybridization 
The percentage of RNA-DNA hybrid forma- 
tion is able to show the homology between 
RNA and DNA@®, Late RNA of T4D was 
‘labeled with [H] uridine between 14 to 19min 
(42°) or 16 to 21 min (30°) after infection. T4 
ts333 unlabeled late RNA was prepared under 
the above condition and used as competitor. In 
RNA-DNA hybridization competition experi- 
‘ment, ts333 unlabeled RNA (42°, 18 min) showed 
-yery little competition with [CH] T4D RNA 
(42°, 14-19 min). Even on 
1,000 ug/ml of unlabeled ts333 RNA, there still 


On the other 


the addition of . 


1004 


%% LABEL RETAINED IN HYBRID 


0 02 0.4 06 08 1.0 
~ UNLABELLED RNA(mg/m) 
Fig. 7. RNA-DNA hybridization competition. 
© A—A: T4D 8H-RNA (42°, 14-19 min) 
-+ts333 RNA (42°, 18 min). l 
@—@: T4D *H-RNA (30°, 16-21 min) ` 
-t8333 RNA (30°, 20 min). _ 

had 93% of CH) T4D RNA retained in the 
hybrid (Fig. 7). This is a good indication that 
ts333 has much less or no late RNA synthesis. 
However, when ts333 RNA was isolated at 20 min 
after infection at 30°, it could compete the hy- 
brid formation between (7H] T4D RNA (30°, 
16-21 min) and T4 DNA. 65% of CH) T4D 
RNA retained in RNA-DNA hybrid on the 
addition of 100 ug/ml of ts333 RNA and reduced . 
to 44% on the addition of. 1,000 ug/ml of 15333 
RNA. These results indicate that the defective 
function of ts333 is related to late mRNA 
synthesis. 


. (HX). Genetic mapping 


Genetic locus of ts 333 in T4 chromosome 


GENE -55 > 34 ts383 33 5 32 
391 - 
N 
= wo 246 = 136 —| 
06 ee 234 
Fig. 8. Genetic locus -of 1s333. Percent of 


recombination was listed below the’ 
map and was calculated as (ts*-am* 
recombinants/total progeny) x200%.- 
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was determined by two-factor crosses. The 13333 
used for mapping has 
with wild type T4D seven times. As shown in 
Fig. 8, 15333 was located between gene 33 and 
34. It was 10.7% away from gene 34 and 18.1% 
away from gene 33.. 


DISCUSSION 


In the early stage after T4 infection, E. coli 
RNA polymerase is used for the transcription 
of early mRNA from 1-strand DNA.“® After 
early gene products have been synthesized, the 
late mRNA is transcribed from r-strand DNA 
by modified E. coli RNA polymerase®®. It has 
been found that three T4-induced polypeptides 
are bound to host RNA polymerase. Two of 
them are the gene products of maturation-defec- 
tive genes, gene 55 and gene 3300:19, The third 
polypeptide with rn MW of 15,000 daltons is 
an unidentifed gene product®!), From these 
observation, the existance of a third maturation- 
defective gene in T4 chromosome can be 
speculated. 

In order to prove that ts333 is a new ma- 
turation-defective gene mutant, the genetic and 
biochemical evidene was presented. 

(A) T4ts333 is a new gene . 

The complementation test indicated that 
ts333 is netither the mutant of gene 33 nor gene 
55 (Table I and Table II). By genetic mapping, 
it clearly showed that the mutational site of 
ts333 was located between gene 33 and 34 (Fig. 
8). Since no gene has been assigned between 
gene 33 and gene 34°, ts333 is an unidentified 
gene in T4 chromosome. l 
(B) T4 ts333 is a maturation-defective mutant 

For the identification of ts333 as a matura- 
tion-defective mutant several criteria were per- 
formed. 

(i) cotinuous DNA synthesis 

Only the mutant whose gene product par- 
ticipates in DNA-synthesizing apparatus or nu- 
cleotide(s) precursor synthesis can affect pheno- 
type of DNA synthesis?. Gene 55 and gene 
-33 are related to DNA maturation after synthesis 
and late gene transcription. Thus, gene 55 and 


been purified by crossing - 


gene 33 have normal phenotype of continuous 
DNA synthesis. T4 ts333 has continuous DNA’ 
synthesis under both permissive and non-per- 
missive temperature (Fig. 1 and Fig. 2). 

(ii) belongs to an early gene 

Temperature shift-up experiment indicates 
that 15333 is a typical early gene (Fig. 3). Thus, 
the gene product of ts333 can express in the 
early stage after infection and exert its function 
in the late stage. This characteristic is the same 
as gene 55 and gene 33@%, 

(iii) no late mRNA synthesis 

T4 ts333 late mRNA synthesized under non- 
permissive temperature could not compete with 
T4D late mRNA in RNA-DNA hybridization 
experiment (Fig. 7). This is a good indication 
that function of ts333 gene is related to late 
mRNA transcription. © Same characteristic has 
been found in gene 55 mutant©, 

(iv) no late protein synthesis . 

The rate of protein synthesis of ts333 de- 
creased earlier than that of wild-type T4D (Fig. 
5). Serum-blocking power experiment also in- 
dicates that no structural protein is synthesized 
in ts333-infected cells (Fig. 6). Therefore, the 
effect of ts333 mutation is on late mRNA trans- 
cription, then late protein synthesis. The above 
abnormal phenotype are the same as gene 55 
and gene 33. From these results, it can be 
concluded that ts333 is a third maturation-defec- 
tive gene in bacteriophage T4. 

Acknowledgement: I wish to express my 
sincere appreciation to Dr. Yun-Chi Yeh for 
his stimulating advice and generous assistance 
throughout the course of this work. I also thank 
to Dr. Jeng-Ren Wu for his helpful suggestions. 


REFERENCES 


1. Hosoda, J. and C. Levinthal (1968), Protein 
synthesis by Escherichia coli infected with 
bacteriophage T4D. Virology 34: 709-727. 

2. O'Farrell, P.Z. and L.M. Gold (1973). Bacter- 
iophage T4 gene expression: Evidence for 
two classes of prereplicative cistrons. J. Biol. 
Chem, 248: 5502-5511. 

3. Bolle, A., R.H. Epstein, W. Salser and E.P. 
Geiduschek (1968). Transcription during bac- 
teriophage T4 development: Requirements for 


72 


10. 


11. 


the messenger synthesis. J. Mol. Biol. 33: 339- 


362. . 
Laemmli, U. (1970). Cleavage of structural 
proteins during the assembly of the head of 
bacteriophage T4. Nature 227: 680-685. 


. Grasso, R.J. and J.M. Buchanan (1969). Syn- 


thesis: of early RNA in bacteriophage T4- 
infected Escherichia coli B. Nature 224: 882- 
885. 

Guha, A. and W. Szybalski (1969). Fractiona- 
tion of the complementary strands of coliphage 
T4 DNA based on the asymmetric distribution 
of the poly U and poly U, G binding sites. 
Virology.34: 608-616. 

Milanesi, G., E.N. Brody, O. Grau and E.P. 
Geiduschek (1970). Transcriptions of the 
bacteriophage T4 template in vitro: Separation 
of “delayed early” from “immediate early” 
transcription. Proc. Nat. Acad. Sci. U.S. 66: 
181-188. 


. Bolle, A.. R.H. Epstein, W: Salser and E.P. 


Geiduschek (1968). Transcription during bac- 
teriophage T4 development: synthesis and 
relative stability of early and late. RNA. J. 
Mol. Biol. 31: 325-348. 


Wu, J. L. (1975). “Biochemical studies of gene 
59 mutants of bacteriophage T4”. Ph. D. 
Thesis, Dept. of Biochemistry, Univ. of 


Arkansas for Medical Sciences. 

Stevens, A. (1972). New ‚small polypeptides | 
associated with DNA-dependent RNA poly- 
merase of Escherichia coli after infection with} 
bacteriophage T4. Proc. Nat. Acad. Sci. U.S. 
69: 603-607. 


Horvitz, H.R. (1973). Polypeptide bound to 


‘the host RNA polymerase ,is "specified by T4 


control gene 33. Nature New Biology 244: 
137-140. l 


J.L. WU 


12. 


13. 


14. 


15. 


16. 


Travers, A.A. (1970). Positive control of 
bacteriophage by a bacteriophage sigma factor. — 
Nature 225: 1009-1012. 

Goff, C. (1974). Chemical structure of a 
modification of the Escherichia coli ribonucleic 
acid polymerase a polypeptides induced by 
bacteriophage T4 infection. J. Biol. Chem. 
249: 6181-6190. 

Horvitz, H. R. (1974). Control by bacteriophage 
T4 of two sequential phosphorylations of the 
alpha subunit of Escherichia coli RNA poly- 
merase. J. Mol. Biol. 90: 727-738. l 
Walther, G., W. Seifert and W. Zillig (1968). 
Modified. DNA-dependent RNA polymerase 
from Æ. coli infected with bacteriophage T4. 
Biochem. Biophys. Res. Commun. 30: 240-247, 
Pulitzer, J.F. and E.P. Geiduschek (1970). 


- Function of T4 gene 55: Il. RNA synthesis 


17. 


18. 


19. 


20. 


21. 


by temperature-sensitive gene 55 mutants. J. 
Mol. Biol. 49: 489-507. 

Vogel, H.J. and D.M. Bonner (1956). Acety- 
lornithinase of Escherichia coli: Partial purifi- 
cation and some properties. J. Biol. Chem. 
218: 97-106. 

Nygaard, A.P. and B. D. Hall (1963). A method 
for the detection of RNA-DNA complexes. 
Biochem. Biophys. Res. Commun. 12: 98-104. 
Tessman, I. (1965). Genetic ultrafine structure 
in the T4 rII region. Genetics 51: 63-75. 
Mosig, G. (1970). Recombination in bacter- 
iophage T4. Adv. in Genetics 15: 1-53. 
Epstein, R.H., A. Bolle, C.M. Steinberg, E. 
Kellenberger, E. Boy dela Tour and R. Che- 
valley (1963). Physiological studies of con- 
ditional lethal mutants of bacteriophage T4D. 
Cold Spring Harbor Symp. Quant. Biol. 28: 
375-394. . 


A T Br i a R 


R 


Bl 


SIERS 33 WET 34 EALO RARE REE BL REK o MAE DNA Spt > MRSE 
HEAD > MEARE > RNA-DNA HR ZHFURAMARSRM » 15333 RBA T4 
ZEB A CRUE RE o | 


Bull. Inst. Zool, Academia Sinica 15(2): 73-76 (1976) 


SCIENTIFIC NOTES 
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Prostaglandins (PG) have recently become 
the subject of extensive research. It has shown 
that prostaglandins are widely distributed in 
animal tissues. Recent advances have resulted 
in various hypotheses as to the action of these 
substances. The testing of these hypotheses is 
under way ina number of laboratories by either 
diffusing or injecting the prostaglandins into the 
animals. Observation that prostaglandins strongly 
stimulate smooth muscle has led to many studies 
of their effects on the uterus. These studies 
have been made both in vitro and in vivo. Most 
of the in vitro studies were concerned with the 
response of human myometrail strips to pro- 
Sstaglandins. The myometrial strip from a 
pregnant woman is often contracted by PGE), 
though higher doses can cause inhibition‘>®. 
Most of the in vivo studies of human reproduc- 
tion systems were done on volunteers. Bygde- 
man’s group“) reported that intravenous in- 
fusions of PGE,, PGE, and PGF,, induce abor- 
tion. Karim reported that PGF; can be 
used to induce labor. Prostaglandin E, has 
also been used with success in termination of 
Pregnancy“. Further studies on the localization 
of the prostaglandins or their metabolites in 
uterus tissues after injection will yield valuable 
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information which can be used to determine 
their pharmacological effects on human repro- 
duction system. 


Grain density autoradiography is beleived 
to be a useful tool and straight forward method 
for quantitative distribution studies. Liquid 
scintillation counting can be used for distribu- 
tion studies, but in this case the classification 
of regions has to be made before the experiment 
is started. Using grain density autoradiography, 
however, one can classify the regions for count- 
ing according to the distribution of the grains 
on the autoradiogram so that a more valuable 
conclusion can be obtained. Moreover, the 
grain density autoradiogram provides a very 
precise location of radioactivity. 


Relatively few papers have been published 
concerning the use of radioactivity labelled pro- 
staglandins to study their tissue distribution in 
animals following injection. Liquid scintillation 
counting was used by Nakano“ for subcellular 
localization in tissue and plasma distribution of 
intravenously injected *H-PGE, in rats and dogs. 
A similar counting technique was employed by 
Samuelsson@® to study the organ distribution 
of radioactivity at different times after subcut- 
aneous injection of 7H-PGE, into female rats. 
Hansson and Samuelsson” reported an autoradio- 
graphic study using *H-PGE, and Green et al. 
discussed an autoradiographic study using *H- 
PGF. Both of these studies involved the use 
of sagittal sections to indicate the distribution 
of radioactivity in various tissues. Grain density 
autoradiography for PGE, in mouse kidney was 
reported by Chen et al®©. Presently a similar 
quantitative technique for the distribution of 
radioactivity in various zones of mouse uterus 
following *H-PGE, ‘injection was investigated. 
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MATERIALS AND METHODS 


The solution of prostaglandin-E, (5,6-*H(N)] 


(in a 7:3 ethanal-water mixture) was obtained 
with a stated specific activity of 68.5 Ci/mM 
(New England Nuclear). The radiochemical 
purity was determined by thin layer chromato- 
graphy to be greater than 95%. The prepara- 
tion of the injected solution was reported pre- 
viously“. Fifty microcuries of *“H-PGE, were 
injected into through tail vein of each of three 
20-g Swiss-Cox female mice. A fourth mouse 
was served as control. 

The three *H-PGE, injected mice, labelled 
as No. 1, No. 2 and No. 3, were sacrificed by 
ether at 20 min, 40 min and 45 hr corresponding- 


ly after injection, and the uteri were removed — 


and frozen immediately by dipping into iso- 
pentaneżwhich was cooled by liquid nitrogen‘. 
Tissue were sectioned in a thickness of 10 yu at 
— 20°C. 

The tissue sections were transfered from the 


microtome knife to slides which had been pre- - 


viously coated by dipping into kodak NTB liquid 
emulsion according to the method developed by 
Morris”, All slides were placed in light-tight 
plastic boxes containing dessicant and stored at 
—4°C for the duration of the exposure periods 
as listed in Table 1. 


TABLE 1 
Experimental Prameter. 


Three mice labelled as No. 1, No. 2 and No. 3 
are sacrificed at different time after injection. 
The autoradiograms made from different 
mouse have different exposure time. 
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Mouse Time Between Exposure Time of 


No. |Injection and Sacrifice | eyo 
20 min | 8 
40 min 24 
3 45 hr 106 


re NA 


After the desired exposure the grain density 
emulsion slides were photographically processed 
and histologically stained using the procedure 
of Skierkowski“® The distribution of radio- 


activity in the grain density autoradiograms was 
determined by microscopic counting of the 
number of exposed silver grains located over 
specific uterus regions using an oil-immersion 
objective (1000x). A grid was placed in the 
eyepiece of the microscope that superimposed 
an area of 2500u%. Equally spaced fields in 
each region were chosen for grain counting. 
In each region the mean was calculated and the 
Students’ statistic? was used to determine the 
95% confidence interval of the mean. The 
mean grain density and its 95% confidence in- 
terval in each region were normalized by divid- 
ing by the number of days of exposure. l 


RESULTS AND DISCUSSION 


The distribution of radioactivity was ex- 
amined in various region of uterus tissue sec- 
tions. When viewed with a microscope the 
violet stained nuclei could be very easily dis- 
tinguished from the pink stained cytoplasm. 
Each region was recognized by its characteristic 
histological structure and staining. The nor- 
malized mean grain density versus region of 
uterus is plotted in Fig. 1. The 95% confidence 
intervals are shown as error bars on the histo- 
gram. It is shown in Fig. 1 that circular 
smooth muscle myometrium had the higest 
radioactivity. The radioactivity in the longi- 
tudinal smooth muscle myometrium is higher 
than that in endometrium. The distribution of 
grain density in each region was found to be 
more or less uniform. Background grain density 
was found to be considerably lower than the 
grain density on most tissue regions. | 

Sample from mouse No. 3, which was 
sacrificed at 45 hr after injection, the radio- 
activity was so low in uterus tissue that very 
long exposure time was needed. Unfortunately, 
a long exposure not only accumulates a high © 
background but also introduces errors as a result 
of latent image fading. Therefore, the results 
of mouse No. 3 were only considered as refer- 
ence information and not for quantitative com- 


parison. However, it is very clear from results 


No. 3 that the radioactivity in uterus was very 
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Histogram of Uterus Grain Density Me- 


asurements. The normalized mean grain 

density of each region is plotted. Results 

from three mice are plotted together in 

this figure, [|] representing results from 

mouse No. 1, from mouse No. 2: and 

Hii from mouse No. 3. The 95% confidence 

intervals are shown as error bars in each 

mean, 

Regions 

1. Endometrium. 

2. Circular Smooth Muscle of the My- 
ometrium. 

3. Longitudinal Smooth Muscle of the 
Myometrium. 

4. Emulsion Region Immediately Adj- 
acent to the Tissue Section. 

5. Background of the Emulsion at a 
Considerable Distance from the Tissue 
Section. 


low at 45 hr after injection. 

In order to examine the rat of removal of 
radioactivity, the net mean grain density and 
the percentage decrease of the net mean of 
mouse No. 2 from that of mouse No. 1 in each 


region were calculated and are given in Table 2. 
From this table one can see that the percentage 
decreases in endometrium, circular smooth muscle 
of myometrium and longitudinal smooth muscle 
of myometrium are similar. Therefore the 
distribution of radioactivity in various regions 
of the uterus remains constant between 20 and 
40 minutes after injection. In other words, the 
binding ability of these three regions are close 
to each other. 

The degree of precision for location of 
radioactivity of a grain density autoradiogram 
depends upon how detailed the histological 
structure can be deduced from the histological 
staining. It also depends upon the fixation of 
the compound in the tissue, because transloca- 
tion of radioactivity during preparation of the 
autoradiogram may give considerable error in 
the results. This was prevented in this research 
by quickly freezing the tissue immediately after 
it was removed from the animal. The results 
of this research are acceptable because the region 
which was considered was quite large in com- 
parison to the possible translocation during 
sectioning. If a very small region is being con- 
sidered, such as a nucleus, than a further test 
of the degree of prevention of translocation 
would have to be made. 

It was found that if the grain density was 
too high then counting errors occured as a result 
of counting grains more than once. However, 
as long as the grain density was below about 
150 grains/2500 4”, the grain counting is very 
reproducible. For those regions in which the 
grain density was greater than 150 grains/250042 
a large number of fields were counted so that 
satisfying statistical results could be obtained. 
This can be seen from Fig. 1. The 95% con- 
fidence interval was small compared to the mean. 

Since prostaglandins have such a wide 
spectrum of pharmacological effects more auto- 
radiographic studies of their distribution in 
organs after injection seem warranted. For ex- 
ample, a distribution study in lungs might-be 
helpful in understanding the metabolism of pro- 


- staglandins in the lungs. Also., a comparison 
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TABLB 2. 


Percentage Change of the Net Mean Grain Density in Various Uterus Regions. 


The percentage decrease of the net mean of mouse No. 2 from that of mouse 
No. 1 in the same region is given as percentage change of each region. 


LIP NE A A aS LL LL ae 


Net Mean Grain 


Region 


Net Mean Grain 0 Change 


F 
-© Endometrium | 
Circular Smooth Muscle of Myometrium | 
Longitudinal Smooth Muscle of Myometrium | 
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of the distribution of PGE; in the uterus with 
that of PGE, would be interesting since PGE; 
has been found to be very active at inducing 
labor. 
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SCIENTIFIC NOTES 


A Preliminary Report on the Effect of 
Thyroidectomy on Rat Hypothalamic 
Gonadotropin-Releasing Hormone 
(GnRH) Contents 
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Previous investigations on adenohypophy- 
seal gonadotropins in thyroidectomized (Tx) 
female rats indicates lowered in LH content but 
varied in FSH>?~®, It is understood that 
gonadotropins is under the control of hypotha- 
lamic gonadotropin-releasing hormone (GnRH). 
Thus, it is essential to study the variations of 
hypothalamic GnRH after the removal of 
thyroid. 


MATERIALS AND METHODS 


Forty Sprague-Dawley female rats reared in 
this laboratory, in a controled condition (room 
temperature: 23+1°C; light on 6:00AM to 
6:00 PM), were randomly divided into two 
groups, the intact control and Tx groups. The 
rats were on chicken feed (Taiwan Sugar Corp., 
Taipei) and tap water ad lib before and after 
- Tx. One month after the operation, the Tx 
rats were subjected to vaginal inspection for 
proestrus. Rats of Tx and control groups that 
demonstrated proestrus were sacrificed by ex- 
sanguiation through dorsal aorta under light 
ether anesthesia at the time between 10:00 AM 
‘to 12:00 noon. The hypothalamic tissue were 


removed within 3min after anesthesia. The 
hypothalami were dehydrated in  precooled 
acetone (—20°C), which was refreshed twice 
within two days. The hypothalamic tissue was 
dissected with the approximations of the demar- 
cations of optic chiasma, anteriorly; optic tracts, 
laterally; mammillary bodies, posteriorly and in 
a thickness of 5mm. Control rats were sacri- 
ficed at a similar age. Hypothalamic extracts 
(HE) was prepared by a modification of the 
method introduced by Derry“? and Steiner et 
al, After partial evaporation of acetone, 
groups of 20 hypothalamic tissue from the con- 
trol or Tx were homogenized in .cold acetone 
(—20°C) in a all-glass homogenizer. The re- 
sulting fine powder was then extracted with 
0.1N HCl at 4°C. The homogenate was then 
transfered to a pointed centrifuge tube, and cen- 
trifuged at 1500g for 60min. The supernatant 
was neutralized with 1 N NaOH and the resulting 
cloudy precipitate removed by centrifugation at 
1000 g for 30 min at 4°C. Remaining supernatant 
was lyophilized. The HE preparations were store 
in vaccum vials and reconstituted by double 
distilled water at the time for radioimmunoassay . 
(RIA). The assay method of Koch et al.“ was 
adapted for the present investigation. 

Synthetic GnRH (LH-RH, Calbiochem Co., 
San Diago, USA) were utilized for both standard 
and radioiodination. Radioiodine (+ I Radioche- 


mical Center, Amersham,. England) was reacted 


with GnRH catalyzed by Chloramine-T and 
separated in Sephadex G-25 column. Anti-GnRH 
(Miles Laboratories, Ind., USA) in 1:50 dilution 
were served for Ist antibody and anti-rabbit 
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globulin from sheep (Gibco Co., New York, 
USA) were used as 2nd antibody in present 
RIA. The sample GnRH level were determined 
by a logit transformed linear correlation equation 
of a standard curve. 


RESULTS AND DISCUSSIONS 


Synthetic unlabled GnRH of 5 pg to 10,000 pg 
were used to construct standard curves (Fig. 1). 
The minimum reliable measurements are in the 
range of 25 to 30 pg, while the actual quantity 
of GnRH of HE samples in assay is 400 pg in 
minimum. The inhibition curve of HE is 
showed in Fig. 1, the parallelism is evident. 

In the present study, HE were from the pool 


Tissue extract* 
0-001 0-01 0-1 


Binding of °GnRH(*.) 


5 10 100 


1000 
GnRH{pg) 


10000 


Inhibition of binding of 15GnRH to Gn 
RH antiserum by (1) unlabeled GnRH, 
(left) (2)Tx rat hypothalamic extract (right) 
and (3)intact rat hypothalamic extract 
(center). Anti GnRH-BSA serum used at 
1:50 dilution. (+) Units indicate number 
of hypothalami from which the extract 
assayed was derived. 


‘Fig. 1. 


‘of 20 hypothalami. With 25 replicates, the 
averge of intact rats GnRH is 7.61+1.33ng/ 
hypothalamus and that of Tx rats, 4.72 + 0.86 ng. 
By student t-test, the significant level is p<0.01. 
The randomized selection for rats of the present 
study may, at least, eliminate some of the 
individual variations that may contribute to 


the difference. Treatments designated to in- 
vestigate on individual variations are in pro- 
gress. The buffer dilution of the HE in assay 
may also influence the present estimated differ- 
ence. An analysis of variance indicates that the 
difference of GnRH level between control and 
Tx is not due to the dilution procedure but the 
difference of treatment (F=12.41; df=1, 32; 
p<0.01). At this point, it is rather safe to be- . 
lieve that the estimated difference is reliable. 

The accumulated data indicated repeatedly 
a lowered LH in adenohypophyses but varied 
in FSH level after thyroidectomy“, The 
present estimation on GnRH lowering considered 
to be responsible for the lowering of adeno- 
hypophyseal LH as estimated at the time of 
10:00 AM to 12:00 noon of proestrus. day, when 
no obvious pituitary hormonal fluctuation is pre- 
dicted. This indicates the level of availibility 
of GnRH in hypothalamus. One component of 
the availibility must depend heavily on activity 
of synthesis. It is suggested that the production 
of GnRH is influenced by biogenic amine®, and 
the thyroxine is proposed to have a regulatory 
effect on LH at the level of hypothalamus. 
Thus, it is possible, a deficiency of thyroid 
hormone may influence the GnRH producing 
process generated by biogenic amine and in turn 
lowering LH content in pituitaries. 
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